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1. INTRODUCTION 

Pyrazole refers to the class of simple aromatic ring organic com-
pounds of the heterocyclic series characterized by a 5-membered 
ring structure composed of three carbon atoms and two nitrogen 
atoms in adjacent positions. Being so composed and having phar-
macological effects on humans, they are classified as alkaloids, 
although they are rare in nature. In 1959, the first natural pyrazole, 
1-pyrazolyl-alanine, was isolated from seeds of watermelons [1]. 
Pyrazole derivatives have a long history of application in agro-
chemicals and pharmaceutical industry as herbicides and active 
pharmaceuticals. The recent success of pyrazole COX-2 inhibitor 
has further highlighted the importance of these heterocyclic rings 
in medicinal chemistry. A systematic investigation of this class of 
heterocyclic lead revealed that pyrazole containing pharmacoac-
tive agents play important role in medicinal chemistry. The preva-

lence of pyrazole  cores in biologically active molecules has stimu-
lated the need for elegant and efficient ways to make these hetero-
cyclic lead [1]. 

The main interest towards –pyrazole derivatives  relies heavily 
on their biological activity [2], their use as intermediates in obtain-
ing color photosensitive materials [3-5] as well as toners, inks and 
other photographic materials [6]. The latter compounds are used as 
precursors of color photographic light sensitive materials [3], ton-
ers, and ink jet printer dyes [6] as well as intermediates in produc-
ing solid-state dye-sensitized solar cells (DSSCs). 

There is a connection between pharmacological and chemical 
structure among pyrazole derivatives used in a medical treatment. 
A chemical division is coincident with a pharmacological division. 
Pyrazole-5 derivatives are mainly analgesic, antipyretic and less 
anti-inflammatory and diastolic but pyrazolidyn-3,5-dion deriva-
tives are anti-inflammatory. The main part of non-steroid anti-
inflammatory drugs belonging to pyrazolone derivates has a 
phenyl group at the first position. The activity and toxicity of this 
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drugs are dependent on groups being at the fourth position. For 
example, the dimethylamino group makes aminophenazon antianal-
getic, and yet is also responsible for a big toxicity. Azole deriva-
tives are antimycotic and are ingredients of some ointments and 
creams. Chemical groups at the fourth position may determine the 
activity and the toxicity. These days a great attention is paid on a 
synthesis which is linking pyrazole and ions of  platinum Pt(II) and 
palladium Pd(III) due to anticancer properties but pharmacology is 
not known very well [7]. 

Up till now no report  on the electrochemistry of 4-[(anthracen -
9-ylmethylene)-amino]-1, 5-dimethyl-2-phenyl-1,2-dihydro-
pyrazol-3-one via cyclic voltammetry and convolution-
deconvolution transforms combined with digital simulation at a Pt 
electrode in acetonitrile  solvent / 0.1M TEACl. So, in the present 
manuscript we investigated the electrochemical  behaviour of pyra-
zole derivative compound under consideration using cyclic voltam-
metry and convolution-deconvolution transforms. The experimental 
chemical and electrochemical parameters was determined and veri-
fied via digital simulation method. 

2. EXPERIMENTAL 

2.1. Chemicals 
The investigated 4-[(anthracen -9-ylmethylene)-amino]-1, 5-

dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-one was prepared as 
following:- 

A mixture of Anthracene-9-carbaldehyde (0.50 g, 0.0024 mol) 
and 4-Aminoantipyrine (0.49 g, 0.0024 mol) in ethanol (15 mL) 
was heated for 3 h. The progress of the reaction was monitored by 
TLC. The solid that separated from the cooled mixture was col-
lected and recrystallized from a methanol-chloroform mixture (8: 
2) to give the title compound (pyz). 

Yellow solid: Yield: 87%; m.p. 231-232 °C . GC-MS m/z (rel. 
int.%): 393 (68) [M+1]+, 

IR (KBr) vmax cm-1: 3027 (Ar-H), 2874 (C-H), 1636(C=O), 
1580(HC=N), 1138 (C-N). 

1H NMR (600MHZ, CDCl3) ($/ppm): 11.06 (s, CH olefinic), 
8.98-7.36 (m, 14H Ar-H) 3.23 (s, CH3), 2.19 (s, CH3). 

13CNMR (600 MHz, CDCl3) $: 160.84, 157.70, 152.03, 134.75, 
131.54, 130.45, 129.32, 129.01, 128.8, 127.11, 126.60, 125.64, 
125.22, 124.62, 119.70, 35.78, 10.36. 

Anal. calc. for C26H21N3O: C, 79.77, H, 5.41, N, 10.73. Found: 
C, 79.74, H, 5.38, N, 10.68. 

The structures of  the investigated pyarazole derivative was  
shown in scheme 1. 

All solvents used in this work were of spectroscopic grade. 

2.2. Electrochemical measurements 
Cyclic voltammetry and convolution-deconvolution transforms 

were performed  using a Princeton Applied Research (PAR) Com-
puter – controlled Potentiostat Model 283 and  PAR Model 175 
Universal Programer (from EG and G). The system allowed the use 
of any scan up to 100 V/s for the cyclic voltammetric experiment. 

Measurements were made using a conventional three electrode 
cell configuration.. The platinum electrode surface was 7.85 × 10-3 
cm2 as a working electrode, coiled platinum wire as a counter elec-
trode and  saturated Ag/AgCl as a reference electrode. 

The potential was calculated with relative to the Ag/AgCl refer-
ence electrode at 25oC and 0.1 mol/L tetraethylammonium chloride 
(TEACl) as background electrolyte. Cyclic voltammograms were 
recorded after background subtraction and iR compensation to 
minimize double-layer charging current and solution resistance. 
The working electrode was polished on a polisher Ecomet grinder. 
Cyclic voltammetric data were obtained at scan rate ranging from 
0.02 to 5 V/s in non aqueous media at (25 ± 2) oC. 

Digital simulation of the data for cyclic voltammetric experi-
ments was performed on PC  computer using EG & G condesim 
software package. The simulation procedure was carried out using 
finite differences techniques. Algorithms for the simulation pro-
gram were coded and implemented into the condesim software 
package supplied by EG & G. 

All working solutions were thoroughly degassed with oxygen 
free nitrogen and a nitrogen atmosphere was maintained above the 
solution throughout the experiments. 

3. RESULTS AND DISCUSSION 

3.1. Electro-oxidation Process 
3.1.1. Cyclic voltammetric behavior 

Cyclic voltammetry of 5 x 10-4 M of the investigated  compound  
4-[(anthracen -9-ylmethylene)-amino]-1, 5-dimethyl-2-phenyl-1,2-
dihydro-pyrazol-3-one  was measured in  solvent, acetonitrile at 
scan rates ranging from 0.02— 5 V/s. Figure 1 gives an example of 
the cyclic voltammogram at sweep rate of 0.8 V/s.  As shown in 
Figure 1, the first oxidative  peak (A) was coupled with a small 
reductive peak (B) in the reverse scan, while the second oxidative 
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Figure 1. Cyclic voltammogram of  5×10-4 M of pyz  in  CH3CN  / 
0.1M TEACl at  scan rate of 0.8 V/s. 
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peak (C) was coupled with a small reductive  peak (D) in the back-
ward sweep. 

It was found that the peak current increases with increasing the 
scan rate, while the forward anodic peak potentials of the oxidative  
processes  were dependent on scan rate. From cyclic voltammetric 
investigation, it was found that, the anodic  oxidative  processes of 
the investigated  pyrazole derivative proceeds as a slow charge 
transfer at all  sweep rates. The absence of reductive peaks in the 
backward direction at low  values of sweep rate confirm the pres-
ence of fast chemical step following the charge transfer. This be-
haviour demonstrates that the first charge transfer produces a cation 
radical followed by a fast chemical step and the radical cation  loss 
another two electrons to form a trication  which followed by fast 
chemical step. The ratio of the backward peak to the forward  peak 
(ipb/ipf) is less than  one for the two peaks, confirming the rapidity 
of  the homogeneous chemical rate constant (kc). Figure 2 displays 
the cyclic voltammograms at various scan rates. Inspection of Fig-
ure 2 revealed that, the oxidation  peaks current, after elimination 
of the background current, is proportional to v1/2 , and the peak 
separation  between the forward and backward peak potentials , 
%Ep, is dependent on the scan rate  indicating the sluggish  of 
charge transfer rate. Also, the measured values of peak width of the 

two waves, Ep – Ep/2 was found in the range of   0.174 - 0.412  ± 
0.002 V,  demonstrating  the slow nature of the investigated sys-
tem, where Ep and  Ep/2  are the peak potential and  the potential at 
the half- peak height  respectively. 

Again the peak separation %Ep of the first and the second charge 
transfers was found to be   in the range of 0.115  -  0.435 ± 0.005 V 
confirming the sluggish  nature of charge transfer in 0.1 mol/L 
TEACl / CH3CN.  The redox potential (Eo) was determined from 
the mean position of the forward and backward peak potentials 
(Table 1). The standard heterogeneous rate constant (ks) cited in 
Table 1 was determined from the following equation [8]. 

 Where %Ep is the peak separation and the other parameters have 
their usual meaning. 

From the plot of ip vs. *v , the diffusion coefficient (D) of the 
electroactive species was determined [9,10]. The calculated values 
of D are cited in Table 1. The results given in Figure 3 employ the 
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Figure 3. Matching between oxidative experimental voltammo-
gram of pyz ( ——— ) and simulated voltammogram (--------) at a 
sweep rate of 0.1 V/s. 
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Figure 2. Cyclic voltammograms of 5×0-4  M of pyz in 
CH3CN/0.1M TEACl at scan rate of 1 V/s ( —— ), scan rate of 0.8 
V/s (…….) and scan rate of 0.4 V/s (------). 
 
 

Table 1. Electrochemical parameters of  the anodic oxidation  processes of  pyz   compound  
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experimental and theoretical values of the electrochemical parame-
ters of the first peak of pyrazole derivative compound, which dem-
onstrate good agreement between the  captured and the simulated 
data. The effect of the scan rate (v)  on peak current (ip) of the first 
peak at a platinum electrode is shown in Figure 4. Though the ip –v 
relation is curved, the ip – v 1/2  and log ip -  v relations is linear, 
indicating that the current is diffusion-controlled [9]. 

3.1.2. Convolution voltammetry 
Convolution theorem finds use in the situation where it is re-

quired to perform the inverse transformation on a function which is 
the product of two functions of the Laplace variable each of which 
individually have known inverse transformations. In such a situa-
tion, the convolution theorem gives[11]: 

 
in which  fs and  gs  are the Laplace transform of the functions F 

and G,  while the variables u is a dummy variable which is lost 
when the definite integral is evaluated. 
For the reaction: 

 
in which a given species undergoing only electron transfer and 

no subsequent processes other than 'linear' diffusion out in the solu-
tion from a planar electrode, i.e. the Fick's  second law is expressed 
as [12]: 

 
Then the solution of the above via Laplace methods yielded

 
where Cbulk &  Cs is  the bulk  and surface concentrations, respec-

tively, and the convolution I1 is given by I1 = i*(�t)-1/2 or more 
'fully' as: 

 
and Ilim is the limiting value of I1 at 'extreme' potentials i.e. when 

the concentration at the electrode Cs is effectively reduced to zero 
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Figure 5. Convolution voltammetry (I1) of the oxidative process of 
pyz at sweep rate of 0.2 V/s. 
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by rapid redox conversion and the current is thus controlled solely 
by the maximum rates of diffusion to (and from) the electrode 
which allows to determine the diffusion coefficient of the bulk 
species [13-16]. 

Several algorithms have been proposed for the evaluation of the 
convolution integral I(t). The following one was used in this work 
[17 – 22]: 

 
where I(j%t) is the current read at equally spaced time intervals 

%t and 8(x) is the Gamma function of x. 
The values of the diffusion coefficients (D) corresponding  to the 

oxidation steps were calculated via Eq. (5) and listed in Table 1.  
The I1 convolution of the  oxidative voltammogram at a scan rate of 
0.2 V/s is indicated in Figure 5. As shown there is a large separa-
tion between the backward sweep and the forward sweep of the I1 
convolution. Also the backward sweep does not return to zero cur-

rent value, confirming the presence of chemical step coupled with 
electron transfer and the slow kinetic of the heterogeneous rate 
constant (ks ) between the electrode and the electroactive pyrazole 
compound (Pyz), i.e  ECEEC  mechanism. 

Also, the values of the diffusion coefficient were calculated from 
deduced convoluted current (Ilimd ) via the following relationship 
[10, 13]: 

 
where Ilimd is the deduced limiting convoluted current, which is 

defined as the  limiting convoluted current . The values of diffusion 
coefficient calculated from Ilimd agree well with the values calcu-
lated from cyclic voltammetry and convolutive voltammetry of the 
experimental  voltammograms (Table 1). 

The presentation of i vs t of the voltammogram at sweep rate of  
0.1 V/s is shown in Fig 6a. The plot produces discontinuity 9ic  at t 
=  5 s due the reversibility of the scan. By selecting the data points 
a Cottrell plot are obtained as current versus the reciprocal square 
root of time. The slope of Cottrel plot yields a diffusion coefficient  
cited in Table 1. Inspection of  Fig. 6a revealed that, the height of 
the first peak are nearly equal to the half height of the second  peak, 
i.e the height of peak A is equal to the 1/2 height of  peak C,  the 
height of peak B is less than the height of peak A and the height of 
peak D is less than the height of peak C confirming that the number 
of electrons consumed in the second peak is double that consumed 
in the first peak, and also confirming the mechanistic ECEEC 
scheme of pyrazole derivative compound. The results shown in Fig. 
6b represents the plot of charge versus potential which  indicates 
that the anodic charges of the forward scan is unequal to the ca-
thodic charges in the backward scan confirming the presence of 
chemical processes after the charges transfer [23]. 

3.1.3. Deconvolution transforms 
Deconvolution of the current can be expressed as the differential 

of the I1 convolution. In more general terms deconvolution is akin 
to semidifferentiation in a similar manner to considering t-1/2 convo-
lution as semiintegration. The relationship between t-1/2 convolu-
tions and deconvolutions is indicated in the following scheme [24]. 

 
The deconvolution transforms of the current (d I1 /dt) as a func-

tion of E of reversible process is defined as [22]: 

 
and the representation of this equation at v = 0.1 V/s   are indi-

cated in Figure 7a. 
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The asymmetry and the displacement of the forward and reverse 
sweep, further confirming the sluggish of electron transfer of  
ECEEC scheme of the oxidative processes of pyrazole derivative 
species. The standard reduction potentials were determined from 
the  deconvoluted peak potentials  of the two peaks (Table 1). The 
values of E0

1 & E0
2 determined from deconvolution voltammetry 

via Figure 7a compare well with the values calculated from cyclic 
voltammetry (Table 1). 

The peak height of deconvoluted transforms  is predicted to pro-
portional to the concentration of the reducible species, to the elec-
trode surface area, and to the scan rate v. The peak shape is very  
dependent on n, the number of electrons transferred,  as n increase, 
the peak is predicted to become narrower and much higher.  As 
indicated  in Fig.7a the height of the first  peak is  nearly equal to 
half of the second one confirming the unequalty of the number of 
electrons consumed in  both steps i.e the first one consumed one 
electron and the second one consumed two electrons. The diffusion 
coefficient (D) was also determined from deconvolution  voltam-
metry using  Eq. (12) [10 -13]. 

 

where ep is the peak height (in ampere) of the forward deconvo-
lution sweep and the remaining terms have their usual meanings. 
Values of the diffusion coefficient estimated by this method are 
given in Table 1. 

Also from combination between convolution and deconvolution   
transforms, Eq. (13) was deduced [14]: 

 
where n is the number of electrons consumed in the  electrode 

reaction, and the other parameters have their usual definitions. 
From Eq. (13), the total number of electrons consumed in the elec-
trode reaction was calculated and found to be 1.1 for the first wave 
and 2.02 for the second one i,e the total n is 3.12 (: 3). The suc-
cessful determination of the number of electrons consumed in the 
electrode reaction using Eq. 13 without knowing the electrode sur-
face area can be considered a simple and precise method for this 
purpose. The proportionalities of ep with sweep rate v are presented 
and shown in Figure 7b. For both anodic  peaks A and C the linear-
ity is satisfactory and the  lines pass through the origin confirming 
the diffusion controlled nature of the investigated species  at a 
platinum electrode in 0.1 mol L -1 TEACl/CH3CN [13].  From the 
above discussion it was found that, the I1 vs E and (dI1 /dt) vs E 
curves were  easier to interpret  than i vs E curve. 

The kinetic convolution I2 was used for the homogeneous chemi-
cal rate constant (kc). The procedure was done via introducing vari-
ous test values of kc until a value is found that returns I2�to zero at 
the end of the return sweep. Diagramatic examples of the function 
I2�evaluated with the true value of kc are shown in Fig. 8. The kc 
true of the chemical step following the electron transfer is found to 
be 6 s-1�for the first step. The value of kc for the second step was 
determined via digital simulation method (Table 1). 
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Figure 8. Kinetic convolution (I2) of the first oxidation peak.  
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3.2. Electro-reduction process 
3.2.1. Cyclic voltammetric behaviour 

    Electro-reduction of the investigated pyrazole derivatives 
compound pyz exhibited two reductive peaks with close two redox 
potentials. The first reductive peak (E) and the second one (F) is 
unidirectional at all sweep rates (0.02 - 5 V/s). An example re-
sponse of the reductive cyclic voltammogram of Pyz compound at 
sweep rates of 0.8 V/s is illustrated in Fig. 9. The absence of the 
anodic peaks in backward direction give good evidence of ECEC 
scheme of the reduction process and also confirm the rapidity of 
the homogeneous chemical rate constant (kc). Also the shift of peak 
potentials to more negative values with increasing the  sweep rates   
reflect  the sluggish  of the rate of electron transfer. 

The formal potentials (Eo
1 & Eo

2) and the standard heterogeneous 
rates constant (ks1 & ks2) were calculated from digital simulation 
method and were listed in Table 2. Also, the diffusion coefficients 
(D1 & D2 ) were determined from  the plot of ip – v 1/2 and cited in 
Table 2. 

3.2.2. Convolution-deconvolution transforms 
In the case of slow rate of electron transfer, the diffusion coeffi-

cients (D1 & D2) of the investigated pyrazole compound pyz were  
determined from the following deduced limiting convoluted current 

equation (8). The calculated values of the diffusion coefficients (D1 

& D2 ) were listed in Table 2. Figure 10 exhibits the I1 convolution 
transforms of the reductive processes at 0.6 V/s indicating the slow 
nature of charge transfer processes and confirm  the presence of 
chemical processes following the two charge transfer [13] i.e 
ECEC mechanism. The values of formal potentials (Eo

1 & Eo
2) 

were determined from the average peak positions of the deconvo-
luted voltammograms (Table 2). 

The true kc values of the chemical process following the first and 
second charge transfer were determined from digital simulation and 
found 11.5 ± 0.05 s-1 and 9.6 ± 0.05 s-1 respectively Figure 11  
shows an example of the comparison between the reductive  experi-
mental and the theoretical voltammograms of pyz compound at 
sweep rate of 1 V/s, which indicates an  agreement between the two 
curves confirming the accuracy of the electrochemical parameters 
obtained from experimental cyclic voltammograms. The experi-
mental and theoretical data  of  pyz  compound were listed in Table 
2. 

The presentation of i vs t of the reductive cathodic  voltammo-
gram at sweep rate of 0.4 V/s is shown in Fig. 12. The plot pro-
duces discontinuity 9ic  at t = 2.5 s due to the reversibility of the 
scan. Inspection of Fig.12 revealed that, the inequality of the  
height of the forward and backward peaks, confirming that both  
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Figure 9. Reductive cyclic voltammograms of pyz in CH3CN at 
scan rate  of  0' 6 V/s. 
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Figure 10. I1 convolution transforms  of reductive process of pyz at 
sweep rate of 0.6 V/s. 
 
 

Table 2. Electrochemical parameters of the reduction   process of  pyz  compound. 
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charges transfer are followed by a chemical processes. By selecting 
the data points a cottrel plot is obtained as current versus the recip-
rocal square root of time. The slopes of Cottrell plots yield a diffu-
sion coefficients D1 & D2 cited in Table 2. 

The plot of the charge (Q) versus the potential (E) is shown in 
Fig.13 which reflects that the forward reductive charge is more than 
the backward oxidative  charge confirming that the presence of a 
chemical processes  after the charges transfer [25- 27]. 

From the above electrochemical studies the oxidative and  reduc-
tive  electrode pathway  of 4-[(anthracen -9-ylmethylene)-amino]-
1, 5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-one (pyz) can be 
proposed to proceed as follows: 

 

 

 

4. CONCLUSION 

The electrochemical behavior of anodic oxidation of pyz in 0.1 
M TEACL /CH3CN at a platinum electrode takes place as two oxi-
dative peaks (A & C) coupled with two small reductive peaks (B & 
D ) which appear only at high sweep rate > 1 V/s. This behavior 
demonstrates that the first charge transfer produces a radical cation 
that loss another two electrons to form a tri cation which proceed as 
ECEEC. Electro-reduction of pyz gave two cahodic peaks with 
close two redox potentials Eo

1 & Eo
2. The electrochemical  parame-

ters were determined experimentally and verified via a digital simu-
lation method by comparing the generated theoretical voltammo-
grams with the experimental voltammograms. The electrode reac-
tion proceeds as ECEC. 
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Figure 11. Matching between  reductive  experimental voltammo-
gram of pyz ( ——— ) and simulated voltammogram (--------) at a 
sweep rate of 0.4 V/s. 
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Figure 12. Plot of i versus t corresponding to reductive cyclic volt-
ammogram at sweep   rate of 0.4 V/s. The point t = 2.5 s is the 
time at which the potential scan is switched to the reverse direc-
tion. 
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Figure 13. Plot of Q versus E corresponding to reductive cyclic 
voltammogram at sweep rate of 0.4 V/s.  
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